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© Composite lead frame and semiconductor device using the same. 



© A composite lead frame comprising a lead frame 
(10), leads (28) supported on a plastic film (22*) 
having a device hole (24), and a metal pad (14, 32) 
for mounting a semiconductor chip (34) is disclosed. 
The lead frame (10) has a plurality of inner lead 
portions (12) each of which is bonded to each of the 
leads (28), respectively. The metal pad (14, 32) also 
supports the leads (28) through the plastic film (22'). 
The metal pad (14. 32) may be bonded to the lead 
frame (10) through an adhesive tape (16), or may be 
integrated with the lead frame (10). Bonding wires 
(36) to connect the leads (28) and the semiconductor 
chip (34) can be easily and securely bonded to the 
leads (28) 5 n virtue of the metal pad (14, 32) support- 
ing the leads (28). Additionally, a semiconductor 
device incorporating the composite lead frame has 
efficient heat dissipation anc reliability by virtue of 
the metal pad. 



Fig. 2 
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1 . Field of the Invention 

The present invention relates to a composite 
lead teme used in the manufacturing of packaged 
semiconductor devices in the semiconductor elec- 
tronic industry, and a semiconductor device using 
the composite lead frame. 

2. Description of the Related Art 

Recently, as the scale of integration of semi- 
conductor devices has been increased and their 
functions have become more complex, the number 
of pins of a package has been increased, and 
therefore, lead frames having a higher dimensional 
accuracy and finer pitch have been required. Par- 
ticularly, these features are intensively required in 
ASIC (Application Specific Integrated Circuit) de- 
vices. 

A press working method or an etching method 
is employed to make the lead frame at the present 
time. In the etching method, lead frames having a 
finer pitch can be made than in the press working 
method, but the etching method entails manufac- 
turing costs which are several times as much as 
the press working method. The lower limit of the 
width of a lead that can be made with the etching 
method is reportedly seventy to eighty percent of 
the thickness of the lead. Therefore, a thinner plate 
must be used to make a lead frame having a finer 
pitch. However, a thinner plate does not have suffi- 
cient strength, so that negative effects such as 
bending of leads occur in handling or bonding, etc. 
of the packaged semiconductor device. The limit of 
thickness is 0.1 to 0.15 mm and the limit of the 
number of pins is about 200. 

On the other hand, a TAB (Tape Automated 
Bonding) technique can be applied to provide a 
larger number of pins. In the TAB technique, how- 
ever, the strength of the leads is low because they 
are made from a copper sheet. Therefore, many 
problems such as misalignment arise in external 
bonding, so that the bonding of the leads cannot 
be handled in the same manner as in the conven- 
tional lead frames. 

As a lead frame which realizes the larger num- 
ber of pins, a composite lead frame, comprising 
first le *d members and second lead members ar- 
ranged in the inside of the first lead members such 
that inner lead portions of the first lead members 
overlap the outer lead portions of the second lead 
members to be bonded to them, wherein the sec- 
ond lead members are formed with a semiconduc- 
tor chip mounting part from a metal sheet on an 
insulating plastic film using a photoetching method, 
is disclosed in Japanese Unexamined Patent Pub- 
lication (Kokai) No. 62-232948. Connections be- 
twe n the second lead members and the semicon- 



ductor chip mounted on the semiconductor chip 
mounting part are performed by wire bonding. Jap- 
anese Unexamined Patent Publication (Kokai) No. 
2-22850 discloses a similar composite lead frame 

5 wherein all the second lead members are bonded 
to the semiconductor chip at the same time 
through bumps formed on the chip, as is done in 
the TAB technique. 

However, these composite lead frames which 

w have been proposed have the following shortcom- 
ings. 

The former composite lead frame has a prob- 
lem that heat dissipation is not sufficient where a 
chip having large heating value due to large scale 

is of integration is mounted because the bottom layer 
of the composite lead frame under the chip is an 
insulating film having low thermal conductivity. Ad- 
ditionally, when bonding wires to connect the semi- 
conductor chip to the second lead members are 

20 bonded on the second lead members, sufficient 
supersonic vibration for bonding is not obtained, 
because the second lead members are made of 
copper sheet and an insulating tape supporting the 
second lead members has low rigidity. Therefore, 

25 imperfect bonds are sometimes generated in wire 
bonding. Furthermore, when sealing with resin, 
connections between the first lead members and 
the second lead members tend to be damaged due 
to deformation of the second lead members be- 

30 cause of their low rigidity. 

The latter composite lead frame has many ad- 
ditional industrial problems so that a technique to 
form low-priced and uniform bumps on a chip has 
not yet been established. 

35 

SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
vide a composite lead frame wherein the aforemen- 

40 tioned shortcomings are overcome, and a semicon- 
ductor device using the same can be produced. 

In accordance with the present invention, there 
is provided a composite lead frame comprising a 
lead frame having a plurality of inner lead portions 

45 and leads supported on a film member having a 
device hole for accepting a semiconductor chip 
wherein each of the inner lead portions is bonded 
to each of the leads, respectively, characterized by 
further comprising a pad for mounting the semicon- 

50 ductor chip, wherein the pad is thermally coupled 
to the lead frame and supports the leads through 
the film member. 

In accordance with the present invention there 
is also provided a semiconductor device compris- 

55 ing a semiconductor chip, a lead frame having a 
plurality of inner lead portions, leads supported on 
a film member having a device hole for accepting 
the semiconductor chip wherein each of the inner 
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lead portions is bonded to each of the leads, re- 
spectively, and wherein the semiconductor chip is 
connected to the leads through bonding wires, and 
a resin for sealing the semiconductor chip, the 
leads, and bonded portions between the inner lead 
portions and the leads, characterized by further 
comprising a pad for mounting the semiconductor 
chip, wherein the pad is thermally coupled to the 
lead frame and supports the leads through the film 
member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A to 1E are diagrams for explaining a 
manufacturing process of a composite lead 
frame according to a first embodiment of the 
present invention; 

Figure 2 is an A-A' cross-sectional view of the 
composite lead frame according to the first em- 
bodiment of the present invention; 
Figures 3A to 3D are diagrams for explaining a 
manufacturing process of a composite lead 
frame according to a second embodiment of the 
present invention; 

Figure 4 is a B-B' cross-sectional view of the 
composite lead frame according to the second 
embodiment of the present invention; and 
Figure 5 is a cross-sectional view of a semicon- 
ductor device according to the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Figures 1 A to IE are diagrams for explaining a 
manufacturing process of a composite lead frame 
according to a first embodiment of the present 
invention. 

Referring to Fig. 1A, a lead frame 10 having 
inner lead portions 12 is shown. The lead frame 10 
can be manufactured from a metal sheet using, for 
example, a press working method to make conven- 
tional lead frames. As shown in Rg. 1B, a metal 
pad 14 is bonded to the lead frame 10 through an 
insulating adhesive tape 16 (not shown in this fig- 
ure) so that the metal pad 14 covers a window 18 
(Rg. 1A) of the lead frame 10, 

Referring to Fig. 1C, a tape assembly 20 man- 
ufactured by using the TAB technique is shown. 
The tape assembly 20 comprises a plastic film 22 
and 22* having a device hole 24 and an outer lead 
hole 26 formed by punching, etc., and a plurality of 
leads 28 formed by a photo-etching m thod, etc., 
according the TAB technique. Note that the leads 
28 do not project onto the device hole 24, because 
connections between the leads 28 and a semicon- 
ductor chip are p rformed not through bumps on 
the s miconductor chip but through bonding wires. 



The leads 28 and a portion of the plastic film 
22' supporting the leads 28 are cut out from the 
tape assembly 20 at the outer lead hole 26, as 
shown in Figure 1D. 

5 As shown in Figure 1E, the portion of the 

plastic film 22' is bonded to the metal pad 14 
through the insulating adhesive tape 16 ( not shown 
in this figure) so that each of outer lead portions 30 
of the leads 28 and each of inner lead portions 12 

10 of the lead frame 10 is overlapped respectively, 
and they are bonded together by thermo-compres- 
sion bonding, at the overlapping portion. 

Fiaure 2 is a A-A' cross-sectional view of the 
composite lead frame according to the first em- 

75 bodiment of the present invention. In this figure, the 
aforementioned insulating adhesive tape 16 is bon- 
ded between the metal pad 14 and the inner lead 
portions 12 of the lead frame 10 and between the 
metal pad 14 and the plastic film 22\ 

20 In external connection, a conventional bonding 

technique can be applied, since the same material 
as that of the conventional lead frames can be 
used for the lead frame 10. Additionally, since 
connection to the semiconductor chip is performed 

25 through the leads 28, width and pitch of the leads 
12 of the lead frame 10 need not be narrow. 
Therefore, the conventional lead frames can be 
used for the devices having a larger number of 
pins. 

30 Regarding the inner portion, the leads 28 can 
be finely processed using the TAB technique. 

Furthermore, use of the metal pad 14 having 
efficient thermal conductivity and rigidity provid s 
the following merit. 
35 (a) Dissipation of heat generated in the semicon- 
ductor chip is more facilitated than with the sole 
use of the insulating film. 

(b) Application of supersonic vibration is easier 
since the leads 28 are supported on the rigid 

40 metal pad 14 through the plastic film 22'. There- 
fore reliable bonding is performed by a conven- 
tional wire bonding machine. 

(c) Since undesirable stress is not applied to 
junctions by virtue of the metal pad 14, damag- 

45 ing of connections is avoided, when resin seal- 
ing. 

Rgures 3A to 3D are diagrams for explaining a 
manufacturing process of a composite lead frame 
according to a second embodiment of the present 

so invention, and Rgure 4 is a B-B' cross-sectional 
view of the composite lead frame. The same refer- 
ence numerals as used In Figs. 1A to 1E and 2 are 
used for constituents which are similar to those in 
Rgs. 1A to 1E and 2, and thus descriptions thereof 

55 are left out. 

As shown in Fig. 3A, a lead frame 10 has a 
pad portion 32 in a body. The pad portion 32 has a 
similar function to the metal pad 14 described with 
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reference to Fig. 1B. In the second embodiment of 
the present invention, a merit similar to the first 
emJaxJiment is obtained. Additionally, the compos- 
ite lead frame is manufactured at lower cost be- 
cause the pad portion 32 is integrated with the lead 
frame 10. 

Figure 5 is a cross-sectional view of a semi- 
conductor device using the composite lead frame 
described with reference to Figs. 1 A to 1E and 2. A 
semiconductor chip 34 is mounted on the metal 
pad 14, and is connected to the leads 28 through 
bonding wires 36. Finally, the semiconductor chip 
34 ana me composite lead frame around the chip 
34 are sealed with resin 38. 

Example 1 

A lead frame 10, as shown in Rg. 1A, having 
350 pins, was made from a 0.15 mm thick plate of 
copper alloy. A pad 14 was made from the same 
material, and the lead frame 10 and the pad 14 
were bonded with a tape 16. Leads 28 supported 
on a plastic film 22' having device hole 24 were 
made by using the TAB technique. Outer lead 
portions 30 of the leads 28 and inner lead portions 
12 of the lead frame 10 were bonded together, to 
make a composite lead frame. The inner lead por- 
tions 12 were plated with silver at a thickness of 
3.5 urn, the leads 28 were plated with gold, and 
they were bonded together by thermo-compression 
bonding. 

A semiconductor chip was mounted on the 
composite lead frame and was connected to the 
leads 28 with gold bonding wires using a ball 
bonding technique. After a bonding strength test of 
the wire bonding, all connections were broken at 
"ball neck" portions (portions near the balls). This 
indicates that bonding strength at second bonding 
portions, i.e., bonding of the leads 28 and wires, is 
sufficient. 

Example 2 

A lead frame 10 having a pad portion 32 in a 
body, as shown in Rg. 4, having 350 pins, was 
made from a 0.15 mm thick plate of copper alloy. 
A composite lead frame was made by bonding the 
lead frame 10 and leads 28 supported on a plastic 
film 22' having device hole 24 made by using the 
TAB technique. The inner lead portions 12 was 
plated with silver at a thickness of 3.5 um. the 
leads 28 were plated with gold, and they were 
bonded together by thermo-compression bonding. 

After the sam bonding strength test as Exam- 
ple 1, all connections were broken at ball neck 
portions. 

Example 3 



A semiconductor chip 34 was mounted on the 
composite lead frame as described in Example 1, 
the semiconductor' chip 34 and leads 28 were 
connected with bonding wires 36, and they were 

5 sealed with resin 38, to make a semiconductor 
device having 350 pins, as shown in Fig. 5. 

As a result of a temperature cycling^ test of the 
device repeated for 30 minutes at -55 # C and 30 
minutes at 150 ' C, the device was not deteriorated 

w after 300 cycles. 

Example 4 

A lead frame having 216 pins was made from a 

is 0.15 mm thick plate of Fe -42% nickel alloy. A pad 
for die bonding of a semiconductor chip was made 
from a 0.10 mm thick plate of copper alloy, and 
was bonded with the lead frame through an adhe- 
sive tape. Leads supported on a plastic film were 

20 made by using the TAB technique. A composite 
lead frame was made by bonding outer leads of 
the leads and inner leads of the lead frame in a 
process shown in Figs. 1A to 1E. The inner lead 
portions of the lead frame were plated with silver at 

25 a thickness of 3.5 um thickness, the leads sup- 
ported on the plastic film were plated with gold, 
and they were bonded together by thermo-com- 
pression bonding. 

After the same bonding strength test as Exam- 

30 pie 1, all connections were broken at ball neck 
portions. 

Example 5 

35 A lead frame having a pad in a body for 
mounting a semiconductor chip having 360 pins 
was made from a 0.125 mm thick plate of Fe -42% 
nickel alloy. A composite lead frame was made by 
bonding the lead frame and leads supported on a 

40 plastic film having a device hole made by using the 
TAB technique, in a process shown in Figs. 3A to 
3D. The inner lead portion of the lead frame was 
plated with tin at a thickness of 2.8 um, the leads 
supported on the film were plated with gold, and 

45 they were bonded together by thermo-compression 
bonding. 

Example 6 

so A semiconductor chip was mounted on the pad 
of the lead frame of Example 5, the semiconductor 
chip was connected to the inner lead of the leads 
through bonding wires, and they were sealed with 
resin, to make a semiconductor device having 360 

55 pins. 

As a result of a temperature cycling Jest for the 
device repeated for 30 minutes at -55° C and 30 
minutes at 150° C, the device was not deteriorated 
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after 300 cycles. 
•Comparative Example 

A composite lead frame was made from a lead 
frame and a copper sheet pattern supported on a 
plastic film. The lead frame is the same as that 
used in Example 1 . The copper sheet pattern has a 
plurality of leads to be bonded with the lead frame 
and an island portion for mounting a semiconductor 
chip, as disclosed in Japanese Unexamined Patent 
Publication No. 62-232948. A semiconductor chip 
was die bonded on the island portion, and wire 
bonding was carried out under the same conditions 
as Example 3. Also, a semiconductor device for 
comparison was made by sealing with resin. 

As a result of a bonding strength test of the 
wire bonding, a second bonding was found to be 
broken away at 6.5% of leads. 

Next, a comparative test of this semiconductor 
device with the device of Example 3 was con- 
ducted. 

A semiconductor chip which is uniformly ex- 
othermic in operation was mounted. The result of 
measurement of surface temperature of the de- 
vices two hours after initiation of operation was 
78 *C in the comparative device, and 47 *G in the 
device according to the present invention, which 
shows efficient heat dissipation. 

Additionally, the percentage of defective com- 
parative devices in the temperature cycling test 
repeated for 30 minutes at -55* C and 30 minutes 
at 150* C, was 0.04% after 300 cycles. 

Claims 

1. A composite lead frame comprising: 

a lead frame (10) having a plurality of inner 
lead portions (12) and 

leads (28) supported on a film member 
(22') having a device hole (24) for accepting a 
semiconductor chip (34) wherein each of the 
inner lead portions (12) is bonded to each of 
the leads (28), respectively, characterized by 
further comprising 

a pad (14, 32) for mounting the semicon- 
ductor chip (34), wherein the pad (14, 32) is 
thermally coupled to the lead frame (10) and 
supports the leads (28) through the film mem- 
ber (22'). 

2. A composite lead frame as claimed in claim 1 , 
wherein the pad (14) is bonded to the lead 
frame (10) through an adhesive tape (16). 

3. A composite lead frame as claim d in claim 1 , 
wh r in the pad (32) is integrated with the I * d 
fram (10). 



4. A composite lead frame as claimed in claim 1 , 
2 or 3, wherein the pad (14, 32) is a metal pad. 

5. A composite lead frame as claimed in claim 1, 
5 2, 3 or 4, wherein the leads (28) supported on 

the film member (22*) having a device hole 
(24) are made by using a tape automated 
bonding technique. 

10 6. A semiconductor device comprising: 
a semiconductor chip (34), 
a lead frame (16) having a plurality of inner 
lead portions (12), 

leads (28) supported on a film member 

75 (22*) having a device hole (24) for accepting 

the semiconductor chip (34) wherein each of 
the inner lead portions (12) is bonded to each 
of the leads (28), respectively, and wherein the 
semiconductor chip (34) is connected to the 

20 leads (28) through bonding wires (36), and 

a resin (38) for sealing the semiconductor chip 
(34), the leads (28), and bonded portions be- 
tween the inner lead portions (12) and the 
leads (28), characterized by further comprising 

25 a pad (14, 32) for mounting the semicon- 

ductor chip (34), wherein the pad (14, 32) is 
thermally coupled to the lead frame (10) and 
supports the leads (28) through the film mem- 
ber (22'). 

30 

7. A semiconductor device as claimed in claim 6, 
wherein the pad (14) is bonded to the lead 
frame (10) through an adhesive tape (16). 

35 8. A semiconductor device as claimed in claim 6, 
wherein the pad (32) is integrated with the lead 
frame (10). 

9. A semiconductor device as claimed in claim 6, 
40 7 or 8, wherein the pad (14, 32) is a metal pad. 

10. A semiconductor device as claimed in claim 6, 
7, 8 or 9, wherein the leads (28) supported on 
the film member (22') having a device hole 

45 (24) are made by using a tape automated 

bonding technique. 
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